.6 ppm.
To a solution of Fischer carbene S-1 (4.56 g, 8.47 mmol), stirring in CH 2 Cl 2 at 78 °C, was added by cannula a solution of oxalyl bromide (820 µL, 8.73 mmol) in CH 2 Cl 2 (5 mL) held at 78 °C. After stirring at this temperature for 15 min, the violet solution was allowed to warm until it reached an internal temperature of around 20 °C, at which point it had become dark yellow in color. The reaction mixture was cooled again to 78 °C, then filtered at 78 °C through Celite using a jacketed filter into a receiving flask held at 78 °C and containing 1,2-dimethoxyethane (4.54 mL, 44.0 mmol). To the resulting orange solution was added dropwise through an addition funnel a solution of Br 2 (450 ul, 8.73 mmol) in CH 2 Cl 2 (5 mL).
After 15 min stirring at 78 °C, the reaction mixture was warmed to ambient temperature, then filtered through Celite. The brown-green filtrate was concentrated until persistent green precipitate was observed. Pentane (300 mL) was added by addition funnel over 1 h, resulting in the formation of more green precipitate. The precipitate was collected by filtration and dried under vacuum to give the desired alkylidyne 1b as a green solid (4.40 g, 82% yield). 9, 163.9, 140.1, 136.7, 132.0, 114.2, 111.4, 79.9, 76.8, 70.6, 60.8, 55 .7 ppm.
To a solution of complex 1b (2.27 g, 3.59 mmol) in toluene (50 mL), stirring at 0 °C, was added a solution of Ph 3 SiOK (5.64 g, 17.9 mmol) in toluene (50 mL) over 10 min.
The mixture was warmed to ambient temperature and stirred an additional 2 h, then filtered through Celite. The filtrate was concentrated to dryness and the residue was taken up in diethyl ether (50 mL). The resulting suspension was stirred for 15 min before pentane (50 mL) was added. The precipitate was collected by filtration. CH 2 Cl 2 (10 mL) was added to the precipitate and the solution was separated from any remaining insoluble material. To the filtrate was added pentane (50 mL), and the precipitate was collected by filtration and dried under vacuum, to give the desired alkylidyne 5 as a pink solid (2.98 g, 58% yield). In some instances, some fractional equivalent of DME remained in the complex. 6, 157.9, 150.5, 146.1, 140.9, 139.3, 137.2, 136.4, 134.8, 129.4, 127.5, 127.3, 123.7, 112.3, 55 .6 ppm.
To a mixture of the tungsten alkylidyne 5 (1.12 g, 0.727 mmol) in toluene (5 mL)
was added propionitrile (270 µL, 3.75 mmol). The pink reaction mixture quickly became homogeneous and was heated to 60 °C with stirring for 3 h, by which point the mixture had become yellow in color. The mixture was cooled to ambient temperature and concentrated to dryness under high vacuum. The residue was taken up in 3:1 Et 2 O/ CH 2 Cl 2 (40 mL) and insoluble material filtered off through Celite. The filtrate was concentrated to dryness, the residue was redissolved in a minimum of CH 2 Cl 2 (5 mL), and the product was precipitated by addition of pentane (~150 mL). Recrystallization by slow diffusion of pentane into a concentrated solution of the material in CH 2 Cl 2 furnished single crystals of the propionitrile adduct 7EtCN suitable for X-ray diffraction. As the EtCN ligand in 7EtCN, however, is labile and can be removed in high vacuum, the material was spectroscopically characterized as the EtCN-free complex 7 after it had been dried in high vacuum; yellow powder (680 mg, 70% yield). Performed open to atmosphere: To a aqueous solution of HBF 4 (48% w/w, 3.2 mL, 25 mmol), stirring vigorously at 0 °C, was added aniline (10 mmol), and precipitation was observed. tert-Butyl methyl ether was added until the biphasic mixture was free of heterogeneity (~5 mL). An aqueous solution of NaNO 2 (696 mg, 10.1 mmol in 3 mL H 2 O) was then added dropwise over 2 min and the reaction S10 was stirred at 0 °C for an additional 20 min. The mixture was allowed to warm to ambient temperature and stirred an additional 30 min, by which point the crude product had precipitated.
The precipitate was collected by filtration, washing with cold H 2 O (2 x 3 mL) and tert-butyl methyl ether (2 x 10 mL). The solid material was then dissolved in acetone, and precipitated by addition of tert-butyl methyl ether. The aryldiazonium was isolated by filtration and dried under vacuum.
The product 8a was isolated as a colorless solid (1.53 g, 80% yield). 5, 142.6, 134.9, 134.0, 133.3, 132.1, 131.5, 130.8, 129.7, 114.9 (d, J C-N = 6 .0 Hz) ppm; IR (film): ν̄ = 3103, 2234, 1591, 1557, 1471, 1293, 1031, 784, 759, 718, 705, 520, 495, 455 cm -1 .
HRMS (ESI+) m/z:
calcd for C 12 H 9 N 15 N: 182.0731; found: 182.0732.
Synthesis of imido complexes
To aryldiazonium 8a (18.8 mg, 0.098 mmol) in CH 2 Cl 2 (2 mL) stirring at 0 °C was added dropwise a solution of the tungsten alkylidyne 5 (142 mg, 0.098 mmol) in CH 2 Cl 2 (2 mL) over 2 min. Upon contact, the reaction mixture immediately became purple in color, and the color dissipated to the original pink color within seconds. The mixture was warmed to ambient temperature and stirred 1 h, by which time it had become yellow in color. The reaction mixture was filtered through Celite, the filtrate was concentrated to dryness, the residue was redissolved in a minimum of CH 2 Cl 2 and the product precipitated with pentane. The precipitate was collected by S12 filtration, giving 9a as a yellow solid (127 mg, 86% yield, by NMR contains ~10% impurity). 5, 153.3, 137.6, 136.4, 136.1, 135.8, 129.5, 129.0, 127.8, 127.5, 117.6, 115.5, 101.7, 56 .3 ppm.
To aryldiazonium
15
N 2 -8a (10.8 mg, 0.0557 mmol) in CH 2 Cl 2 (2 mL) stirring at 0 °C was added dropwise a solution of the tungsten alkylidyne 5 (80.4 mg, 0.0557 mmol) in CH 2 Cl 2 (2 mL) over 2 min. Upon contact, the reaction mixture immediately became purple in color. The reaction mixture was warmed to ambient temperature and stirred 1 h, by which time it had become yellow in color. The reaction mixture was filtered through Celite, the filtrate was concentrated to dryness, the residue was redissolved in a minimum of CH 2 Cl 2 and the product precipitated with pentane. To aryldiazonium 8b (37.8 mg, 0.152 mmol) in CH 2 Cl 2 (3 mL) stirring at 0 °C was added dropwise a solution of the tungsten alkylidyne 5 (220 mg, 0.152 mmol) in CH 2 Cl 2 (3 mL) over 2 min. Upon contact, the reaction mixture immediately became purple in color. The reaction mixture was warmed to ambient temperature and stirred 1 h, by which time it had become yellow in color. The reaction mixture was filtered through Celite, the filtrate was concentrated to dryness, the residue was redissolved in a minimum of CH 2 Cl 2 and the product precipitated with pentane. The precipitate was collected by filtration, giving 9b as a yellow solid (200 mg, 84% yield).
X-ray quality single crystals were grown by layered diffusion with CH 2 Cl 2 and pentane. 4, 151.2, 150.9, 137.7, 136.3, 129.4, 128.7, 128.8, 124.2, 117.6, 115.4, 115.3, 101.9, 56.3, 34.7, 31 .8 ppm.
To aryldiazonium 8b (35.5 mg, 0.143, mmol) in CH 2 Cl 2 (3 mL) stirring at 0 °C was added dropwise a solution of the molybdenum alkylidyne 2 (194 mg, 0.143 mmol) in CH 2 Cl 2 (3 mL) over 2 min. Upon contact, the reaction mixture immediately became purple in color. The reaction mixture was warmed to ambient temperature and stirred 1 h, by which time it had become orange/brown in color. The mixture was filtered through Celite, the filtrate was concentrated to dryness, the residue was redissolved in a minimum of CH 2 Cl 2 and the product precipitated with pentane.
S13
The precipitate was collected by filtration, giving 10 as an orange solid (172 mg, 81% yield). X-ray quality single crystals were grown by layered diffusion with CH 2 Cl 2 and pentane. 8, 153.6, 153.5, 137.6, 136.3, 134.7, 129.5, 128.1, 127.8, 124.9, 118.5, 115.2, 103.1, 56.2, 35.2, 31 .4 ppm.
To aryldiazonium 8c (21.5 mg, 0.097 mmol) in CH 2 Cl 2 (3 mL) stirring at 0 °C was added dropwise a solution of the tungsten alkylidyne 5 (140 mg, 0.097 mmol) in CH 2 Cl 2 (3 mL) over 2 min. Upon contact, the reaction mixture immediately became purple in color. The reaction mixture was warmed to ambient temperature and stirred 1 h, by which time it had become orange in color. Pyridine (39 ul, 0.485 mmol) was then added and the reaction mixture was stirred an additional 30 min.
The reaction mixture was filtered through Celite, the filtrate was concentrated to dryness, the residue was redissolved in a minimum of CH 2 Cl 2 and the product precipitated by addition of pentane and cooling to 20 °C. The precipitate was collected by filtration, washing with 10 mL cold 1:1 3, 151.2, 147.1, 137.8, 136.7, 135.5, 131.6, 129.5, 127.8, 124.0, 112.6, 56 .0 ppm.
To aryldiazonium 8d (25.0 mg, 0.119 mmol) in CH 2 Cl 2 (3 mL) stirring at 0 °C was added dropwise a solution of the tungsten alkylidyne 5 (172 mg, 0.119 mmol) in CH 2 Cl 2 (3 mL) over 2 min. Upon contact, the reaction mixture immediately became purple in color. The reaction mixture was warmed to ambient temperature and stirred 1 h, by which time it had become yellow in color. Pyridine (48 ul, 0.590 mmol) was then added and the reaction mixture was stirred an additional 30 min.
The mixture was filtered through Celite, the filtrate was concentrated to dryness, the residue was redissolved in a minimum of CH 2 Cl 2 and the product precipitated by addition of pentane and cooling to 20 °C. The precipitate was collected by filtration, washing with 10 mL cold To aryldiazonium 8g (28.1 mg, 0.0803 mmol) in CH 2 Cl 2 (2 mL) stirring at 0 °C was added dropwise a solution of the tungsten alkylidyne 5 (116 mg, 0.803 mmol) in CH 2 Cl 2 (2 mL) over 2 min.
The mixture was warmed to ambient temperature and stirred 1 h, by which time it had become dark yellow in color. To the reaction mixture containing complex 9g was added drops of H 2 O and stirring was continued for an additional 30 min. The mixture was concentrated to dryness and the residue purified by flash column chromatography on SiO 2 (1:1 to 3:1 benzene/hexanes), giving 2,6-dibromoaniline (12.0 mg, 60% yield) and 4-methoxybenzonitrile (6.0 mg, 56% yield).
1
H NMR spectra were in good agreement with the literature data.
2,4
To aryldiazonium 8g (21.9 mg, 0.0817 mmol) in CH 2 Cl 2 (3 mL) stirring at 0 °C was added dropwise a solution of the tungsten alkylidyne 5 (118 mg, 0.0817 mmol) in CH 2 Cl 2 (1 mL) over 2 min. The reaction mixture was warmed to ambient temperature and stirred 3 h, by which time it had become orange in color. To the reaction mixture containing complex 9g was added drops of H 2 O and stirring continued for an additional 30 min. The mixture was concentrated to dryness and the residue purified by flash column chromatography on SiO 2 (1:1 benzene/hexanes to separate from PH 3 SiOH, then 9:1 hexanes/tert-butyl methyl ether), giving 2-aminobiphenyl (7.0 mg, 51% yield) 2 4-Methoxybenzonitrile: Wang, Z.; Chang, S. Org. Lett. 2013 Lett. , 15, 1990 Lett. -1993 . 
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and 4-methoxybenzonitrile (10.0 mg, 92% yield).
1
2,5
Reaction of the tungsten nitride complx 7 with aryldiazonium 8b
To aryldiazonium 8b (13.9 mg, 0.0560 mmol) in DCM (2 mL) stirring at 20 °C was added dropwise a solution of the tungsten nitride 7 (75.0 mg, 0.560 mmol) in CH 2 Cl 2 (2 mL) over 2 min. The reaction mixture was warmed to ambient temperature and stirred 2 h, by which time it had become brown in color. To the reaction mixture was added drops of H 2 O and the reaction mixture was stirred an additional 30 min. The reaction mixture was concentrated to dryness and purified by flash column chromatography on SiO 2 (4:1 hexanes/tertbutyl methyl ether), giving 4-tert-butylaniline 12b (6.0 mg, 72% yield). Org. Chem. 2013, 78, 7482-7487. 7 GC/MS and IR inspection of the crude material suggest that small amounts of (tert-butyl)phenyl azide are also present; studies into this interesting side reaction are underway.
